Background. Older age at initiation of combination antiretroviral therapy (cART) has been associated with poorer clinical outcomes. Our objectives were to compare outcomes between older and younger patients in our clinical cohort in Jos, Nigeria.
As more patients are placed on effective combination antiretroviral therapy (cART), there are a growing number of people aged 50 years and older living with human immunodeficiency virus (HIV) infection. For the first time since the start of the epidemic, 10% of the adult population living with HIV in low-and middle-income countries (LMIC) were aged 50 years or older at the end of 2012 [1] . Seventy-four percent of the 100 000 new infections occurring among people aged 50 years and above in LMIC annually are acquired in sub-Saharan Africa (SSA). The aging of the HIV epidemic can be attributed to improved survival with cART and decrease in incident cases among young adults and youth [2, 3] .
There are special challenges for delivery and monitoring of older patients on cART. Data from 12 LMIC where more than 1 in 10 people initiating ART are ≥50 years old found that mortality was higher in older compared with younger persons, with late presentation serving as an important cofactor [4, 5] . Older persons living with HIV are also known to experience higher burden of comorbidities [6] [7] [8] and are often diagnosed at a worse stage of HIV infection compared with their younger counterparts [9, 10] . Data from resource-rich settings reporting on cART outcomes among older patients indicate that despite experiencing higher rates of virologic suppression, older patients tend to have poorer rates of immune reconstitution and higher mortality compared with younger patients [8, [11] [12] [13] , with others reporting mixed outcomes [14] [15] [16] .
Studies from SSA have also reported similar outcomes to cART with respect to viral suppression, immunologic response, and survival [17] [18] [19] [20] . In an outcomes study reporting on 7 African countries, mortality rates were higher and loss to follow-up (LTFU) rates lower among older patients [21] . However, this study did not present data on virologic or immunologic response. As more people in SSA initiate cART and live longer, the population of patients aged 50 years and above will increase, with older people remaining at increased risk of HIV acquisition [3] . In light of the above data, there is a need to better understand the response to cART in indigenous older patients in SSA and its related outcomes. Nigeria has the second highest burden of HIV globally [2] and is halfway into the second decade of her national antiretroviral therapy (ART) program. In this analysis, our objectives were to characterize the baseline features of older adults initiating cART and to report on outcomes to treatment in the first 2 years postinitiation in a comprehensive HIV treatment, care, and support program in Jos, north central Nigeria.
MATERIALS AND METHODS
This observational retrospective analysis was conducted using data collected routinely at the HIV clinic at the Jos University Teaching Hospital (JUTH), north central Nigeria. Inclusion criteria for this evaluation were age ≥15 years, ART-naive at enrollment, not pregnant at the time of enrollment, and not having HIV-2 or dual HIV-1/HIV-2 infection. Patients were excluded if they received cART for less than 48 weeks and/or had less than 24 months of follow-up ( Figure 1 ) with 1 nonnucleoside reverse-transcriptase inhibitor (NNRTI) and 2 nucleoside reverse-transcriptase inhibitors (NRTIs). During the period covered by this study, standard first-line ART regimens included stavudine or zidovudine (AZT) with abacavir (ABC) and tenofovir (TDF) as alternative options for NRTI and nevirapine or efavirenz as NNRTI options. At each visit, patients received adherence and nutrition counseling and ART refills. Monitoring laboratory tests, including hemoglobin (Hb), serum creatinine, and alanine aminotransferase (ALT), in addition to CD4 + cell counts and VLs were performed at 3 and 6 months, then 6-monthly thereafter. Hypertension was defined as systolic blood pressure ≥140 mm Hg or diastolic blood ≥90 mm Hg or the use of antihypertensive medications. Diabetes mellitus was defined as fasting plasma glucose ≥126 mg/dL, or use of hypoglycemic drugs).
Data Collection
Patient demographic, clinical, laboratory, and therapeutic data were collected on standard forms at enrollment and at each follow-up visit. Data were entered into a secure computerized database designed solely for the purpose of patient care management [22] . The database was updated daily by data entry clerks, and the data management team ensured data accuracy by performing weekly quality assurance checks of the databases. Data collected for this study included baseline demographics, weight, height, World Health Organization (WHO) clinical stage, ART regimen at initiation, enrollment and visit dates, and date of discontinuation (either by death, LTFU, transfer, or self-withdrawal). Baseline and follow-up laboratory monitoring and drug use data were also collected.
Ethical Consideration
All patients in the Harvard/APIN program provided written consent for care. Only those who consented to the use of their information for research were included in this analysis. All patient data were delinked and deidentified. Institutional review boards at the Harvard T. H. Chan School of Public Health and the Jos University Teaching Hospital approved the use of data for this study. Age-Related Differences in cART in Nigeria • OFID • 3
Outcomes of Interest
The primary treatment outcomes were immunologic and virologic responses to cART at 6, 12, 18, and 24 months postinitiation with the main clinical outcomes being all-cause mortality (irrespective of time of cART initiation) and LTFU. A patient was considered LTFU if he/she had not attended the facility for a medication refill, a laboratory visit, or a clinicians visit in the 180 days preceding data abstraction. Mortality ascertainment occurred largely through passive reporting to the health facility by family or friends and, to a lesser extent, through site-specific tracing activities to locate patients LTFU. If the date of death was unknown, but a patient was known to have died, the date of the last encounter with the patient was used as the date of death. Other outcomes of interest included the incidence of select laboratory abnormalities post-cART initiation (Hb ≤8 g/dL, ALT ≥120 IU, and serum creatinine ≥260), rates of drug substitution, and calculated average medication adherence rates. Immunologic outcomes observed were the median change in CD4 + cell count over time from baseline. We also assessed the absolute cell increase from baseline to each time point. Virologic response was assessed using the proportion of patients with HIV VL <400 copies/mL of blood at each designated time point, and we assessed the proportion of patients achieving viral suppression from 6 through 24 months of therapy (fully suppressed-FS). Discontinuation was defined as death, LTFU, or withdrawal from the program. Time to discontinuation was calculated using the last recorded visit date.
Percent adherence values were carried backward because adherence is calculated at the end of a prescription refill cycle. The average adherence rate was calculated as the proportion of time the patient had pills available (number of days supplied/number of days between refills) and was capped at 100%. A prespecified adherence cutoff of ≥95% was used for categorical assessment of optimal adherence. A gap in treatment was defined as any period ≥60 days when a patient was without pills. We assessed the number of gaps by age group for the first year of therapy as well as the second year of therapy. Given that there was no significant difference between the age groups in the numbers experiencing 1 or 2 gaps per treatment year, we dichotomized this outcome as "any gap" in treatment versus no gap in the multivariate analysis.
Statistical Methods
Proportions, means (±standard deviation [SD]), and medians (interquartile ratios [IQR]) were calculated for baseline characteristics at the time of cART initiation. The primary predictor was age at cART initiation. This was categorized as 15-49 years (younger) or ≥50 years (older). Immunologic and virologic responses at months 6, 12, 18, and 24 between the 2 groups were also assessed. We also determined the proportions of patients fully suppressed (FS) for the 2 groups and determined factors associated with being FS in a logistic regression model. We determined the incidence of laboratory abnormalities in the first 24 months of cART for serum creatinine, Hb, and ALT. Abnormal cutoffs for each were defined as at least grade 2 according to severity grading of adult adverse events [23] .
Finally, we determined rates of death and LTFU by age group. Patients were followed up until they achieved the outcomes of interest or the earliest among the following outcomes: death, LTFU, or the date December 2012 (the end of the follow-up period). To describe the probability of death and LTFU, we used Kaplan-Meier survival analysis.
To estimate the association between age group at treatment initiation, death, and LTFU, Cox proportional hazards models were used to estimate unadjusted and adjusted hazard ratios (aHRs) for each outcome separately with relevant covariates. The final Cox proportional hazards regression models included variables that were statistically significant as well as clinically relevant covariates (significant or not) in unadjusted analyses. Because a significant number of deaths are missed due to loss to follow-up in program settings in LMIC [24, 25] , we constructed Cox proportional hazard models and estimated mortality rates after imputing ranked proportions (10%, 25%, and 50%) of patients documented to be LTFU as dead and compared these with the complete case model. The criterion for significance for analyses was 2-tailed P value <.05. Statistical analyses were performed with the statistical software packages Epi 7 (Centers for Disease Control and Prevention, Atlanta, GA) and STATA version 13.1 (StataCorp, College Station, TX).
RESULTS
During the period of June 2004 to February 2012, 15 654 patients were enrolled for cART services at JUTH. Our final cohort had 8352 patients with 643 (7.7%) being 50 years or older at enrollment ( Figure 1 ). The baseline characteristics of patients are summarized in Table 1 . A greater proportion of older patients compared with younger patients were men (P < .001). We found significant differences in marital status, where a higher percentage of older patients were married or widowed compared with younger patients (P < .001), and educational level, where older patients were less likely to have higher-level education than the younger patients (P < .001). Older patients were more likely than their younger counterparts to have hepatitis C coinfection (P = .001), hypertension (P < .001), diabetes mellitus (P < .001), higher Hb concentration (P = .008), and higher serum creatinine (P < .001).
Median CD4 + cell counts post-cART initiation through 24 months increased significantly for both groups (Figure 2 at the end of follow up. The median change in CD4 + count from baseline was also higher for younger patients at 6 (112 vs 94, P = .0002), 12 (151 vs 132, P = .0005), and 24 (181 vs 151, P < .001) months (Table 2) . Given the differences observed in the use of NRTI backbone at baseline, we further analyzed CD4 response by thymidine-analogue-based NRTI backbone (AZT and 3TC) versus others (TDF and ABC). Median CD4 + counts (IQR) were similar at months 6 (268 vs 276, P = .38), 12 (302 vs 303, P = .92), and 18 (344 vs 336, P = .36) but differed at 24 months (370 vs 356, 0.003) for thymidine-analogue NRTI backbone versus others. The proportion of patients achieving virologic suppression was significantly higher for older patients at months 6 (73.9% vs 70.2%, P = .04) and 24 (74.8% vs 69.6%, P = .005) than for younger patients (Table 2 ). When we assessed the proportions of all patients who sustained viral suppression from month 6 of cART to month 24 (FS), there was no significant difference between older and younger patients (15. Loss to follow-up rates were similar for the younger versus older age groups (0.59 vs 0.60 per 1000 person years [PY], P = .88). The probability of LTFU between the 2 groups were different, with younger patients having a higher likelihood of LTFU (log rank P = .04). In a Cox proportional hazard regression model adjusting for baseline demographic, clinical and treatment characteristics (Table 3) , older patients (aHR = 0.74; 95% CI, 0.58-0.93), patients who were FS (aHR = 0.50; 95% CI, 0.41-0.59), and those with adherence >95% (aHR, 0.62; 95% CI, 0.52-0.64) had a lower hazard of LTFU than their respective comparator groups. The independent predictors of LTFU were male sex (aHR = 1.20; 95% CI, 1.06-1.36), lack of formal education (aHR = 1.94; 95% CI, 1.66-2.26), WHO stage III/IV at baseline (aHR = 1.43; 95% CI, 1.26-1.63), BMI <18.5 kg/m 2 at baseline (aHR, 1.23; 95% CI, 1.07-1.42), and experiencing a gap in treatment (aHR = 1.90, 95% CI, 1.66-2.18). Mortality rates were similar for older and younger patients. Of 83 documented deaths within the follow-up period, 73 were aged 15-49 years, whereas 10 were aged ≥50 years, with 7 (0.1%) dying early (within the 90 days of initiating cART). The mortality rate was 0.05 vs 0.03 per 1000PY for older and younger patients, respectively (P = .10). Survival rates among those aged ≥50 years were also similar to those aged 15-49 years (log rank P = .06; Supplementary Figure) . After controlling for + counts from baseline (Mo) through 24 months by age group. The box plot used minimum value (lower error bar), the the 25th percentile (lower border of the box), the median value/50th percentile (the line in the middle of the box), the 75th percentile (the top border of the box), and the maximum value (the top error bar). treatment (aHR, 3.69; 95% CI, 2.35-5.80) were the only significant predictors of mortality. However, being fully virologically suppressed reduced the risk of death, with an aHR of 0.14 (95% CI, 0.03-0.61). After imputation of mortality data, 3 additional Cox proportional hazard models were generated to control for the effect of missing mortality data as shown in Table 3 . Model 1, which is the complete case analysis, was unable to detect the predictive effect of additional factors such as the lack of formal education, hepatitis B coinfection, low BMI, and optimal medication adherence on mortality. Although the hazard estimates/ function for mortality increased progressively from 1.5 (95% CI, 1.00-2.00) for younger and 2.3 (95% CI, 1.10-4.60) for older patients (P = .14) using Model 1 to 13.5 (95% CI, 12.4-14.7) for younger and 11.3 (95% CI, 8.30-15.2) for older patients using Model 4 (P = .52), the risk for mortality remains similar for both age groups (Supplementary Table) .
DISCUSSION
In this large retrospective evaluation of HIV-infected patients in a high burden resource-limited treatment site, we compared immunologic, virologic, and clinical outcomes within the first 2 years of cART among different age groups. Older age was associated with reduced CD4 + cell recovery and improved virologic suppression. Differences in LTFU rates were seen when comparing young and older patients. Older age was not shown to impact the risk of death compared with younger age in our study, and this finding differs from previous reports from urban and rural African settings [17, 19, 21, 26, 27] . However, we note the low number of deaths documented in our cohort. Data on the effect of age on immune response to cART in our study and from other SSA countries [17, 19, 20] is comparable to studies from high-income countries [11-13, 15, 28] . Immune recovery after cART tends to be slower in older patients, with some studies reporting a loss of this advantage with longer periods of follow up after an initial slower response [8] . Aging has been associated with decreased production of interleukin (IL)-2 and its receptors, where the lower responsiveness to IL-2 has been implicated as a mechanism for compromised T-cell function, leading to a shift in T-cell phenotype [29, 30] . It has also been reported that a reduced CD4 + response in elderly patients may be related to involution of the thymus gland, with decreased productivity. Increased age is further associated with diminished T-cell functionality, reduced memory T-cell populations, and fewer numbers of properly functioning CD8 + cytotoxic T cells [31, 32] . The goal of cART is sustained suppression of HIV replication. Our study, as well as other studies reporting results of virologic response, shows that older patients have higher rates of viral suppression in spite of higher initial viral burden compared with younger patients [8, 14, 15, 17, 33] . Older patients also tend to have shorter time to viral suppression, although our study did not address this outcome [8] . Better medication adherence rates have been reported to play a key role in older patients achieving higher viral suppression rates compared with younger patients, yet our analyses did not indicate a difference in overall adherence in older patients compared with younger adults [34] . Our study also showed that female patient's and those with medication adherence rates >95% were more likely to be FS, with low rates of sustained virologic suppression occurring in both groups. Barriers to optimal adherence among younger patients in sub-Saharan Africa have included nondisclosure to loved ones, fear of stigmatization, substance abuse, complexity of drug regimens, and cost of healthcare services in countries that do not subsidize treatment. Some of these factors are dependent on the treatment setting, but they tend to overlap where they exist [35, 36] . Efforts to improve medication adherence with consequent increase in rates of viral suppression among younger patients (and subsequent community-level viral suppression) should be explored.
Overall, LTFU rates in this study were lower than those reported in other studies from Africa, Asia, and various resource-rich settings [37] . We found that the hazard of LTFU was lower for those aged ≥50 years compared with patients aged 15-49 years. Our findings about LTFU in young compared with older adults corroborate findings from a study conducted using data from 7 African countries [21] and a recent multisite study in Nigeria [38] . The higher risk for LTFU among younger, compared with older, patients increases their risk for death and other adverse outcomes, including their likelihood of transmitting HIV to seronegative sex partners. Effective interventions to reduce LTFU for youth could help reduce losses and lower HIV incidence in this age group.
Amongst documented deaths, mortality was low for our cohort and older age was not found to be a risk factor for mortality. This finding is consistent with reports from Uganda [39] and Malawi [18] as well as in the United States [14] . Several other studies have reported contrary findings regarding age and mortality in settings similar to ours [17, 19, 21] as well as in resource-rich settings [11, 16] . Studies reporting higher rates of mortality among older patients have attributed this association to delayed presentation, more rapid disease progression, as well as higher incidence of cART-related adverse reactions. We must note that a major limitation in our mortality analyses is that mortality data are collected in a passive nature and, therefore, mortality is underreported.
This study has some notable strengths. We used routine program data from a large urban HIV clinic that provided care to a wide variety of patients from different localities. Cohort studies have the advantage of providing longer follow-up periods for a large number of patients in real-life scenario, with greater generalizability to target populations and are, therefore, appropriate for studying long-term responses of treatment to chronic conditions such as HIV. Our results are likely generalizable in settings similar to ours. The large sample size and sociodemographic characteristics at baseline reflect the profile of patients who enroll for care in most sites in sub-Saharan Africa. We also note some limitations in the fact that we were somewhat disadvantaged by our inability to fully ascertain the true reasons for those lost to follow-up, and so it is possible that we overestimated LTFU and underestimated mortality. We used imputation [39] to mitigate this limitation. Our diagnosis of hepatitis B and C status was based on presence of surface antigen and anti-HCV antibodies only, because the program did not have routine access to confirmatory tests. We were also not able to assess the impact of other significant variables such as substance abuse, smoking, and alcohol use on our outcomes of interest due to lack of data. Finally, because this study was a retrospective analysis, we could not attribute causality to our outcomes.
CONCLUSIONS
In conclusion, clinical management of older persons with HIV is an increasingly important issue because of the large impact of cART on improved survival. Approaches to improve the outcomes of older HIV patients in SSA could include interventions to optimize CD4 + cell gains on cART. Additional investigation in resource-constrained settings is needed to optimize the care of this emerging group in light of the presence of other comorbidities. With the increased availability and use of cART in resource-constrained areas, the number of older persons with HIV who are on cART will continue to increase. Increased knowledge of the clinical issues that affect older persons with HIV is urgently needed in developing countries.
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